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Abstract

Aim

To investigate UK parents’ vaccination intention at a time when COVID-19 vaccination was
available to some children.

Methods

Data reported are from the second wave of a prospective cohort study. We conducted a
mixed-methods study using an online survey of 270 UK parents (conducted 4—15 October
2021). At this time, vaccination was available to 16- and 17-year-olds and had become avail-
able to 12- to 15-year-olds two weeks prior. We asked participants whose child had not yet
been vaccinated how likely they were to vaccinate their child for COVID-19. Linear regres-
sion analyses were used to investigate factors associated with intention (quantitative com-
ponent). Parents were also asked for their main reasons behind vaccination intention.
Open-ended responses were analysed using content analysis (qualitative component).

Results

Parental vaccination intention was mixed (likely: 39.3%, 95% Cl 32.8%, 45.7%; uncertain:
33.9%, 95% CI 27.7%, 40.2%; unlikely: 26.8%, 95% Cl 20.9%, 32.6%). Intention was asso-
ciated with: parental COVID-19 vaccination status; greater perceived necessity and social
norms regarding COVID-19 vaccination; greater COVID-19 threat appraisal; and lower vac-
cine safety and novelty concerns. In those who intended to vaccinate their child, the main
reasons for doing so were to protect the child and others. In those who did not intend to vac-
cinate their child, the main reason was safety concerns.

Conclusions

Parent COVID-19 vaccination status and psychological factors explained a large percent-
age of the variance in vaccination intention for one’s child. Further study is needed to see
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whether parents’ intention to vaccinate their child is affected by fluctuating infection rates,
more children being vaccinated, and the UK’s reliance on vaccination as a strategy to live
with COVID-19.

Introduction

Vaccination has been one of the cornerstones of the public health response to COVID-19.
However, there has been some debate over the need to vaccinate children due to the relatively
lower severity of infection [1]. In the UK, vaccination has been available for those aged 16
years and above since December 2020, but was subsequently extended to younger age groups
(see Box 1).

Box 1. Timeline of recommendations for COVID-19 vaccination in
children and adolescents in England

2 December 2020. MHRA gives approval for Pfizer/BioNTech vaccine in people aged 16 years and above [2]

4 June 2021. MHRA gives approval for Pfizer/BioNTech vaccine in 12- to 15-year-olds [3]

19 July 2021. JCVI advises that children and young people aged 12 years and above with specific underlying
health conditions that put them at serious risk of COVID-19 be offered COVID-19 vaccination (2 doses, with
an 8-week gap) [4]

4 August 2021. JCVI advises that all adolescents aged 16 to 17 years receive first dose of Pfizer/BioNTech
vaccine [5]

17 August 2021. MHRA gives approval for Moderna vaccine for 12- to 17-year-olds [6]

2 September 2021. Half of 16- and 17-year-olds had received first COVID-19 vaccine [7]

3 September 2021. JCVI release a report on vaccinating healthy 12- to 15-year-olds saying that “the health
benefits from COVID-19 vaccination to healthy children aged 12 to 15 years are marginally greater than the
potential harms . . . the margin of benefit is considered too small to support universal COVID-19 vaccination
for this age group at this time” [8]

13 September 2021. Children aged 12- to 15-years old in England will be offered one dose of Pfizer/BioNTech
vaccine, following advice from the four UK Chief Medical Officers [9]

14 September 2021. JCVI recommends a third dose (booster) for 16- to 49-year-olds with underlying health
conditions [10]

20 September 2021. NHS starts vaccine rollout in schools to children aged 12- to 15-year-olds [11]

15 November 2021. JCVI recommends a second vaccine dose for all 16- to 17-year-olds (12 weeks or more after
first dose) [12]

25 November 2021. European Medicines Agency recommends approval for Pfizer/BioNTech vaccine for 5- to
11-year-olds [13]

29 November 2021. JCVI advises that all 12- to 15-year-olds should be offered a second dose of Pfizer-
BioNTech vaccine [14]

13 December 2021. NHS COVID-19 vaccine pass for international travel introduced for 12- to 15-year-olds
(15]

22 December 2021. MHRA gives approval for Pfizer vaccine for 5- to 11-year-olds [16]

22 December 2021. JCVI recommends that children aged 5 to 11 years in a clinical risk group be offered
COVID-19 vaccination (2 doses, with an 8-week gap). JCVI recommends that 16- to 17-year-olds and 12- to
15-year-olds in a clinical risk group or who are a household contact of someone who is immunosuppressed be
offered a booster dose of the Pfizer-BioNTech vaccine no sooner than 3 months after they complete their
primary vaccination course [17]

16 February 2022. JCVI advises a “non-urgent offer” of vaccination to all children aged 5 to 11 years (two doses
of Pfizer-BioNTech vaccine, at least 12 weeks apart) [18]

https://doi.org/10.1371/journal.pone.0279285.t001

Abbreviations: JCVI = Joint Committee on Vaccination and Immunisation, MHRA = Medicines and Healthcare products
Regulatory Agency, NHS = National Health Service, UK = United Kingdom, UKHSA = UK Health Security Agency.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279285 December 27, 2022 2/16


https://doi.org/10.1371/journal.pone.0279285.box001
https://doi.org/10.1371/journal.pone.0279285

PLOS ONE

Parental COVID-19 vaccination intention

Multiple factors are important in parents’ vaccine decision making for their children. Previ-
ous research indicates that uptake of child vaccination is associated with: perceived vaccine
safety, generally positive vaccine attitudes, perceived susceptibility of the child to infection and
greater normative beliefs for vaccination [19, 20]. Findings from two systematic reviews and
meta-analyses investigating parents’ COVID-19 vaccination intention for their children
(searching data published up to December 2021) indicate that intention was associated with
psychological factors including greater perceived risk of COVID-19, more positive vaccine
attitudes, and greater perceived safety of COVID-19 vaccination [21, 22]. Novelty and a per-
ceived lack of evidence about the effectiveness of child vaccination were associated with
decreased parental intention [21]. Evidence for associations with parent and child sociodemo-
graphic characteristics was mixed, but parental COVID-19 vaccine uptake (or intention) was
consistently associated with intention to vaccinate one’s child [21, 22].

Different countries have employed different COVID-19 vaccine strategies. A review of
European vaccine laws conducted just before the pandemic found that there was no common
“best approach” and that the context in individual countries needed to be considered when
making recommendations [23]. To the best of our knowledge, only three studies have investi-
gated parental intentions to vaccinate their child for COVID-19 in a UK sample, all of which
were conducted before adult and child COVID-19 vaccination was approved in the UK
(Box 1): data collection periods April to May 2020 [24], August to October 2020 [25], and
October to November 2020 [26]. At this time, there was considerable uncertainty about
whether to vaccinate children [27]. We set out to investigate parental vaccination intentions at
a time when there was relatively more clarity about the COVID-19 vaccine rollout for children
in the UK. These results may help inform communications about child COVID-19
vaccination.

This study aimed to investigate the following questions:

1. What were parents living in the UK’s intention to vaccinate their children against COVID-
19 at a time when vaccination was available for some children?

2. What were the main reasons behind parents’ vaccination intentions?

3. Which factors (personal, clinical, psychological) were associated with vaccination
intention?

Methods

This study reports data from the COVID-19 vaccination acceptability study (CoVAccS). Meth-
ods have been reported in more detail elsewhere [28].

Design

This formed part of a larger prospective cohort study, in which participants completed a survey
online on 13-15 January 2021 (T1) and 4-15 October 2021 (T2). The wider study investigated
uptake of adult vaccination [28] and factors affecting perception of vaccine side effects in those
vaccinated [29]. For this study, we used personal and clinical characteristics reported at T1,
and measured parental vaccination intention, reasons for vaccination intentions, and psycho-
logical factors at T2. We used mixed methods (qualitative analysis of reasons behind vaccina-
tion intentions, quantitative analysis of vaccination intentions and associated factors) to
analyse the data. Qualitative and quantitative results were integrated to draw inferences and
conclusions about parental intentions to vaccinate their child for COVID-19 [30].
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Participants

To be eligible for this study, participants had to be aged 18 years or over, live in the UK and
have not completed our previous study (CoVAccS 1), due to similarities in survey materials
[31]. 1500 participants completed the first wave of data collection (T1), with 1148 completing
the second wave (response rate 76.5%; T2). For this study, we included participants if they
indicated that they were the parent or legal guardian of a dependent child aged 17 years or
younger (n = 270).

Measures

Full survey materials are available online [32]. Bespoke measures, based on theories of health
behaviour (e.g. Protection Motivation Theory [33], the Health Belief Model [34]) and previous lit-
erature [35-38], were used in this study. Unless otherwise specified, all items were measured at T2.

Parents were asked to complete the survey with one of their children in mind (index child).
We asked parents to think about their child who had most recently had a birthday

Personal and clinical characteristics. At T1, all participants were asked to provide
information about their sex, age, ethnicity, religion, highest qualification, employment sta-
tus, total household income, and region where they live. At T2, we asked whether they had a
chronic illness and recoded people as being “at risk” of COVID-19 based on NHS guidance
[39].

Parents provided the index child’s sex, age, whether this was their first child, whether the
child had previously had COVID-19, and presence of a chronic illness (recoded to “at risk” of
COVID-19 based on NHS guidance [39]).

Psychological factors. Parents were asked to respond to nine statements about COVID-
19 and vaccination with reference to their child on an 11-point scale from “strongly disagree
(0)” to “strongly agree (10)”. Items asked about perceived risk of COVID-19 to the child,
worry about the child catching COVID-19, perceived susceptibility to, and severity of,
COVID-19 for the child, anticipated regret about the child catching COVID-19 if they had not
been vaccinated, belief that the vaccine could give the child COVID-19, regretting vaccination
if the child were to experience side effects, worry about the safety of COVID-19 vaccination
for children, and perceived social norms about child vaccination (operationalised as “most
other children my child’s age will get the coronavirus vaccination”).

Parents were also asked about their agreement that vaccination is generally a good thing.

Vaccination uptake. Parents were asked if their child had been vaccinated against
COVID-19. Response options were: “yes, they've had one dose”, “yes, they’ve had two doses”,
“no”, “don’t know”, and “prefer not to say”.

Parents who indicated that they had not yet vaccinated their child were asked how likely it
was that their child would have a COVID-19 vaccine eventually and for the main reason why
their child was “likely or unlikely to have a coronavirus vaccination”.

Ethics

We obtained ethical approval for this study from Keele University’s Research Ethics Commit-
tee (reference: PS-200129). Consent was given by participants before being able to complete
each of the T1 and T2 survey materials. No minors were included in this study.

Analysis

Parents who reported that their child had been vaccinated were excluded from analyses of vac-
cination intention.
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We categorized parents as being very likely to vaccinate their child if they scored 8 to 10 on
the 0-10 point numerical response scale, very unlikely to vaccinate their child if they scored 0
to 2, and uncertain about vaccinating their child if they scored 3 to 7. These conservative a pri-
ori cut-offs were chosen as they reflect the extreme three points of the scale, avoiding the
chance of and false positives, and were used in our previous work [31, 40]. To investigate
whether parents’ vaccine intentions differed by index child age (0 to 11 years, 12 to 15 years,
16 to 17 years), we used a one-way ANOVA.

To investigate the main reasons behind parents’ intention to vaccinate their child for
COVID-19, we qualitatively analysed open-ended text responses using content analysis. First,
two authors (MC and HD) identified emerging codes from the data [41]. A coding framework
from analyses of previous CoVAccS work was used as support [40]. Statements were jointly
coded, with any discrepancies being resolved through discussion to give a final set of codes.
Data analysis of responses about parental vaccination intention was carried out at the same
time as analyses of reasons for future own COVID-19 vaccination intentions detailed in Smith
et al. [28]. This qualitative analysis was manual; no software was used.

We conducted a principal components analysis to identify underlying dimensions of psy-
chological items. As components were thought likely to be correlated, we used oblique (direct
oblimin) rotation. All psychological factor items pertaining to parents’ beliefs about COVID-
19 illness and vaccination in their child were included in the analysis.

Factors associated with parents’ intention to vaccinate one’s child were investigated
using a linear regression analysis (n = 224), using the full eleven-point response scale as the
outcome measure. Variables were entered into the regression model in blocks; the order
was selected a priori based on theoretical relevance (block 1: parent socio-demographic
characteristics; block 2: child socio-demographic characteristics; block 3: general
vaccination beliefs and attitudes; block 4: beliefs and attitudes about COVID-19 and vacci-
nation). To control the rate of Type 1 errors in the regression analysis, we set statistical
significance at p<.01 and therefore calculated 99% confidence intervals (CIs) for regression
coefficients.

Quantitative analyses were conducted using SPSS 27 [42].

Power

We conducted a post-hoc power analysis based on linear regression analyses. With an achieved
sample size of 220, a 1% two-tailed significance level, and testing 16 predictors, we had 88.8%
power to detect medium effect sizes (f2 =0.15).

Results
Participant characteristics

The 270 participants included in the study were mostly female (54.8%, n = 148/270), white
(85.6%, n = 231/270), with a mean age of 42.1 years (SD = 9.3; Table 1). Most participants lived
in the South East, followed by the West Midlands, and London.

Vaccine uptake

Three percent of parents (1 = 8, 95% CI 1.5% to 5.7%) reported that their child had had two
doses of the vaccine, with 14.1% (n = 38; 95% CI 10.4% to 18.7%) reporting that their child had
had one dose of the vaccine, and 83.0% (n = 224, 95% CI 78.0% to 87.0%) reporting that their
child had not received the vaccine.
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Table 1. Participant characteristics. Data are percentages and frequencies, except for age: mean (SD). Data are for all parents regardless of the vaccination status of their

child (total n = 270).

Personal and clinical characteristic Level % n
Parent Sex Female 54.8 148
Male 45.2 122
Age Years, mean (SD) 42.1(9.3) 270
Ethnicity White 85.6 231
Black and minority ethnic 14.4 39
Religion No religion 54.1 146
Christian 37.8 102
Other religion 7.4 20
Prefer not to say 0.7 2
Highest qualification Degree equivalent or higher 1 57.8 156
Other or no qualifications 41.9 113
Prefer not to say 0.4 1
Employment status Full-time 58.5 158
Part-time 20.7 56
Not working/other 20.7 56
Total household income £30,000 or over 72.2 195
Up to £29,999 21.9 59
Don’t know/prefer not to say 5.9 16
Region where respondent lives East Midlands 7.4 20
East of England 7.8 21
London 11.1 30
North East 3.0 8
North West 9.3 25
Northern Ireland 3.0 8
Scotland 8.9 24
South East 17.8 48
South West 7.8 21
Wales 3.0 8
West Midlands 11.5 31
Yorkshire and the Humber 9.3 25
Prefer not to say 0.4 1
At risk No 86.3 233
Yes 13.7 37
Child Sex Female 43.3 117
Male 55.2 149
Other/prefer not to say 1.5 4
Age Years, mean (SD) 9.5(5.4) 270
First child No 44.1 119
Yes 54.8 148
Prefer not to say 1.1 3
At risk No 97.0 262
Yes 3.0 8
Previously had COVID-19 Do not know or think not 75.2 203
Think or know yes 24.8 67

t Undergraduate (e.g. BA, BSc) or postgraduate (e.g. MA, MSc, PhD) degree or other technical, professional or higher qualification.

https://doi.org/10.1371/journal.pone.0279285.t002
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Frequency
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0 i} 2 3 4 5 6 7 8 9 10

How likely is it that your child will have a COVID-19 vaccination?

\_Y—)

Very unlikely to
get vaccinated

Vaccine intention

Parents who had not yet vaccinated their child were split in their intention to vaccinate their
child (Fig 1). Of parents of children of all ages, 39.3% (95% CI 33.1% to 45.8%, n = 88/224)
were likely to vaccinate their child, 33.9% (95% CI 28.0% to 40.4%,; n = 76/224) were uncer-
tain, and 26.8% (95% CI 21.4% to 32.9%, n = 60/224) were unlikely to vaccinate their child.
The mean (SD) parental intention score was 5.62 (3.68), and was similar in relation to children
in different age bands: 5.38 (3.59) for those aged 0-11; 6.29 (3.77) for those aged 12-15; 5.40
(4.07) for those aged 16-17.

Reasons behind intention

The main reasons behind vaccination intention in parents who were likely to vaccinate their
child in qualitative analyses were to protect the child, to protect others, and because the child
had chosen to (Table 2). The main reasons behind intention in parents who were unlikely to
vaccinate their child were safety concerns, feeling that the threat to the child of COVID-19 was
low, and that there was no personal need for the child to be vaccinated.

Principal components analysis

A scree plot identified that psychological items loaded onto three main components. The item
“The coronavirus vaccination could give my child coronavirus” did not load on to any compo-
nent. We therefore re-ran the principal components analysis excluding this variable. Table 3
shows item loadings on to components.

Three components emerged from the principal components analysis on beliefs and atti-
tudes about COVID-19 and vaccination, accounting for 72% of the variance in the original
items (see S1 Checklist). One component related to illness beliefs and attitudes (‘COVID-19
threat appraisal’), and two components related to vaccination beliefs and attitudes (‘perceived

W16 to 17 years
W12 to 15 years

HOto 1l years

{ )
Y Y
Uncertain about getting vaccinated Very likely to
get vaccinated

Fig 1. Perceived likelihood of child having a vaccination (0 = “extremely unlikely” to 10 = “extremely likely”) by child age, with cut-off points used to
categorize participants’ vaccination intention.

https://doi.org/10.1371/journal.pone.0279285.9001
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Table 2. Thematic categorization of codes generated by content analysis of reasons for or against vaccinating one’s child, by vaccination intention. Themes are pre-

sented in descending order of overall frequency.

Theme

Codes

Frequency

Vaccination intention

Unlikely

Uncertain

Likely

Safety concerns [total = 94]

Child too young

18

16

5

Lack of research on the vaccine

—
—

1

Concerns about vaccine side effects and safety

Concerns about long-term vaccine side effects

Vaccine side effects outweigh benefits

Vaccine is more risky than the virus

6
8
3
1
1

Vaccines use experimental mRNA/novel technology

Have heard negative stories about the vaccine

— = N W O

Fertility concerns

Concerns about quick development of the vaccine

Anxiety about the vaccine

To protect child [total = 63]

Protecting the child

Vaccine reduces disease severity/fatality

Virus is more risky than the vaccine

Would regret not vaccinating if child got severely ill

Concerns about long-term adverse effects of virus

RS

Vulnerable due to underlying health condition

— == oo e~ = |-

To speed up medical attention

To protect others [total = 29]

Protecting the wider community

Protecting family

To reduce the spread

Protecting the vulnerable

— =W

To gain herd immunity

Child choice [total = 27]

Letting child decide

DO = = O N =

Child does not want the vaccine

Child too young to make informed choice

Child decided to get vaccinated

Child thinks it is the best thing to do/sees benefits of vaccination

Low threat appraisal [total = 26]

Risk for children is low

12

12

Limited contact with others

Future intention [total = 22]

Undecided

10

Will have when available for age group

Not offered yet

Child will have the vaccine

Information [total = 11]

Lack of knowledge about vaccine

Conflicting information

Differing opinions among caregivers

Social influence

— ==,

Following medical advice

Positive vaccine views [total = 11]

Parent in favour of vaccine

Pro-vaccine in general

Sensible thing to do

(Continued)
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Table 2. (Continued)

Theme

Codes

Frequency

Vaccination intention
Unlikely

Uncertain Likely

No personal need [total = 10]

Vaccine is unnecessary

6

Child has no personal need for the vaccine

2 1

Only people at high-risk need the vaccine

1

To end pandemic and restrictions [total = 8]

To overcome the pandemic

To prevent future mutations

Prevent missing school days

Natural immunity [total = 7]

Likely already had COVID

W NN

Prefer natural immunity/think natural immunity is sufficient 3

Antibodies provide protection via breastfeeding

Trust in science [total = 7]

Would vaccinate child if evidence based

Trust in the vaccine

Trust in science

Move about freely [total = 6]

For personal freedom

Wanting to travel

To gain an immunity passport

[UV U U U U

Lack of trust in science [total = 5]

Lack of trust in the vaccine

Lack of trust in science

Social / civic duty [total = 4]

Irresponsible not to

Vaccine is a civic duty/social responsibility

Mass vaccination needed

Vital to have the vaccine

Vaccine mode [total = 4]

Fear of needles

N = == =

Depending on administration method (no injections)

Vaccine not effective [total = 2]

Concerns regarding the effectiveness of vaccine

Vaccine does not stop COVID transmission

High threat appraisal [total = 2]

Higher risk for adolescents

High number of cases in age group

https://doi.org/10.1371/journal.pone.0279285.t003

Table 3. Loadings of items measuring psychological factors onto components identified (only loadings over + .400 are shown).

Component 1

Component 2

Component 3

Perceived necessity and social norms of child COVID-19

COVID-19 threat appraisal

Vaccine safety and novelty concerns

vaccination
Without a coronavirus vaccination, my child is likely to .772 | To what extent do you think .855 | I might regret my child getting the coronavirus | .934
catch coronavirus coronavirus poses a risk to your vaccination if they later experienced side effects
child? from it
If my child doesn’t get the coronavirus vaccination and .586 | Iam worried about my child 723

ends up getting coronavirus, I will regret them not getting

the vaccination

catching coronavirus

Most other children my child’s age will get the coronavirus | .806

vaccination

I believe that coronavirus would | -.832

be a mild illness for my child

Coronavirus vaccination for children is too new for me to

be confident about it

-.423

Coronavirus vaccination for children is too new | .685
for me to be confident about it

Rotation method: oblimin with Kaiser normalization. Rotation converged in 7 iterations.

Excluding “The coronavirus vaccination could give my child coronavirus” item

https://doi.org/10.1371/journal.pone.0279285.1004
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necessity and social norms of child COVID-19 vaccination’ and ‘vaccine safety and novelty
concerns’).

Factors associated with parental vaccination intention

219 participants had complete data and were included in regression analyses. The overall
regression model explained 66.9% of the variance, with parents’ beliefs and attitudes about
COVID-19 and vaccination explaining the largest percentage of variance. Vaccination inten-

tion was associated with: being vaccinated oneself; greater perceived necessity and social
norms regarding COVID-19 vaccination; greater COVID-19 threat appraisal; and lower vac-

cine safety and novelty concerns (Table 4).

Table 4. Results of the full linear regression model analysing associations with parental vaccination intention (adjusted R* = 0.669). Parameter estimates relate to
the full model containing all predictors. The unstandardized regression coefficients represent the change in parental vaccination intention for a one-unit increase in the
predictor variable (or, for dummy variables, a shift from the reference category to the category concerned). The model was based on 219 study participants with complete

data.
Predictor variable Level Standardized Unstandardized 99% confidence p value
coefficient coefficient interval
Block 1 -parent personal and clinical characteristics *
Sex (reference: female) Male -0.036 -0.264 -1.171, 0.643 0.450
Age (years) 0.026 0.011 -0.050, 0.072 0.639
Ethnicity (reference: white) Black and minority ethnic 0.097 1.061 -0.237, 2.359 0.035
Religion (reference: none)
Christian 0.003 0.025 -0.809, 0.858 0.938
Other -0.034 -0.538 -2.434,1.357 0.461
Qualifications (reference: other) Degree equivalent or higher | 0.006 0.044 -0.812, 0.900 0.894
Employment status (reference: not working/other)
Part-time 0.076 0.693 -0.508, 1.894 0.135
Full-time 0.026 0.195 -0.863, 1.254 0.632
At risk-self (reference: no) Yes -0.104 -1.158 -2.340, 0.025 0.012
Vaccinated for COVID-19 -self (reference: no) Yes 0.157 1.695 0.336, 3.054 0.001*
Block 2 —child personal and clinical characteristics ”
Sex (reference: female) Male -0.013 -0.096 -0.895, 0.703 0.755
Age (years) -0.043 -0.032 -0.138,0.073 0.428
First child (reference: not) Yes 0.040 0.303 -0.552,1.158 0.357
Had covid before (reference: think not) Yes 0.067 0.600 -0.350, 1.550 0.102
At risk-child (reference: no) Yes -0.001 -0.033 -3.092, 3.025 0.977
Block 3 -general vaccination beliefs and attitudes
In general, vaccination is a good thing (0-10) 0 = strongly disagree, 0.125 0.246 -0.009, 0.500 0.013
10 = strongly agree
Block 4 -beliefs and attitudes about COVID-19 and vaccination ¢
Component: perceived necessity and social norms of 0.506 1.884 1.396, 2.372 <0.001*
child COVID-19 vaccination
Component: COVID-19 threat appraisal 0.141 0.521 0.089, 0.953 0.002*
Component: vaccine safety and novelty concerns -0.277 -1.020 -1.430, -0.610 <0.001*
*p<.01
? variables in this block explained 29.2% of the variance
® variables in this block explained a further 0.6% of the variance
© variables in this block explained a further 7.1% of the variance
4 variables in this block explained a further 30.0% of the variance.
https://doi.org/10.1371/journal.pone.0279285.t005
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Discussion

Of parents who had not yet vaccinated their children for COVID-19, intention to do so was
mixed. Vaccination intention was associated with having received a COVID-19 vaccine one-
self, perceiving COVID-19 vaccination as necessary, thinking that others would vaccinate their
child, perceiving a greater threat of COVID-19, and thinking that the vaccine was safe. The
most common reasons for intending to vaccinate were for the protection of the child and oth-
ers, while the most common reason for intending not to vaccinate was safety concerns.

By the end of data collection, COVID-19 vaccination was available to all 16- and 17-year-
olds and had recently become available to 12- to 15-year-olds in England (see S1 Checklist).
Official NHS figures indicate that, at this time, 1,234,290 under-18s had had one COVID-19
vaccine dose, 251,825 had had two doses, and 1,117 had received a booster [43]. This equates
to approximately 9% of the English population under 18 [44]. Uptake in our sample was
slightly higher, with approximately 17% indicating that their child had been vaccinated.

Of those who had not yet vaccinated their child, parents’ vaccination intentions were
mixed. Only 39% indicated they were likely to vaccinate their child (39%), lower than recent
meta-analytic results, which found that approximately 60% were willing [21, 22]. It was also
lower than other UK parental vaccination studies. One study of parents living in England with
a child aged 18 months or younger found that 48% definitely would accept a COVID-19 vac-
cine for their child (data collected 19 April to 11 May 2020) [24]. UK data from a multi-coun-
try survey found that 64% of women who were pregnant or had one child aged 18 years or
under were likely to vaccinate their child (data collected 28 October to 18 November 2020)
[26]. The discrepancy between these findings and our results may be because of the increased
debate surrounding child COVID-19 vaccination [1], and decreased perceived risk of
COVID-19 between January and October 2021 [28], itself associated with vaccination inten-
tion [20].

Having had a COVID-19 vaccine oneself was strongly associated with parental vaccine
intentions for their child, in line with systematic review results [21, 22]. This is the same pat-
tern of results seen in previous pandemics, with intention to be vaccinated for pandemic influ-
enza being associated with previous seasonal influenza vaccination during the 2009/2010
HINI1 influenza pandemic [45]. We found no other associations between parental vaccination
intention for their child and parent or child sociodemographic characteristics. This is likely
due to low power to detect smaller effects. Official UK figures show there are differences in
uptake of vaccination in children aged 12 to 15 years by sociodemographic variables, with vac-
cine uptake being higher in children who are of Chinese and Indian ethnicities, live in less
deprived areas, speak English as a first language, do not receive free school meals, and do not
have special educational needs [46].

Beliefs and attitudes about COVID-19 and vaccination explained most of the variance in
parents’ vaccination intentions. Intention was associated with greater perceived necessity of
COVID-19 vaccination and social norms (believing that most other children will receive a
COVID-19 vaccine), greater perceived risk of COVID-19, and greater perceived safety of vac-
cination. This is in line with other results found during the COVID-19 pandemic [21, 22], rou-
tine childhood vaccination [19, 20], and theories of uptake of health behaviours (e.g. the
Protection Motivation Theory [33]). High case numbers in primary and secondary school age
children, such as those seen in September to November 2021 and January 2022 [47], may also
affect parents’ vaccination intention, through perceived susceptibility to infection. Factors
associated with parental vaccination intention were similar to those associated with individu-
als’ own uptake of COVID-19 vaccination [28].
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Parents who intended to vaccinate their child most commonly cited the protection of the
child and others as the main reasons behind their intentions. A similar pattern of results has
been found in children aged 12 to 18 years (UK school years 7 to 13) [48]. For those who did
not intend to vaccinate their child, the main reasons were safety concerns and not perceiving
COVID-19 to be a great threat to their child. This reflects findings from the Office for National
Statistics, in which the main reasons behind parents being unlikely to agree to their child being
vaccinated were worry about side effects and waiting to see how the vaccine worked [48].

Implications of the findings for future practice and research

As the UK’s response to the pandemic shifts to “living with COVID-19,” this strategy is in part
relying on adult vaccination as a means of reducing serious infection in the absence of other
non-pharmaceutical interventions (testing, self-isolation, wearing a face covering, limits on
social mixing) [49]. The risks and benefits of vaccination to children have been more balanced
[17], leading to greater debate about whether children should be vaccinated [1]. Parents need
to be able to make an informed decision as to whether they vaccinate their child. Since data
collection, COVID-19 vaccination has been approved and recommended in younger age
groups. Factors affecting parents’ decision to vaccinate their child are numerous and likely
interlinked [19, 20]. While social norms for vaccination may increase with time as more chil-
dren are vaccinated and perceptions of vaccine novelty may decrease, the landscape of the
COVID-19 pandemic is constantly changing, with the risk of new variants and changes in
restrictions. Official data indicate that up to 31 August 2022 (most recent data available at time
of writing), 11.2% of 5- to 11-year-olds, 57.5% of 12- to 15-year-olds and 73.1% of 16- to
17-year-olds have received at least one COVID-19 vaccine [50]. Further research is needed to
identify how fluctuating infection rates and decreased emphasis on COVID-19 in everyday life
may affect parents’ perceived risk of their child being infected and, in turn, their vaccination
intention and uptake by child age.

The most common reasons for intending to vaccinate one’s child for COVID-19 were to
protect the child and others and because the child had chosen to be vaccinated. A study con-
ducted in UK schoolchildren aged 9 to 18 years indicated that children who spent longer on
social media, came from more deprived backgrounds, and smoked or vaped were less likely to
intend to be vaccinated for COVID-19 [51]. Taken together, these results suggest that dissemi-
nating information about child vaccination on social media targeted to adolescents may
increase vaccine uptake in this age group. As in previous research, the perception that the vac-
cine is safe and effective was associated with parent vaccination intention [19-22]. Communi-
cations should emphasize that child COVID-19 vaccination is safe and encourage parents to
make an informed decision about the vaccine.

Strengths and limitations

We measured self-reported intention to vaccinate one’s child when the vaccine was not yet
available to children of most age groups. While the study was well powered to detect medium
effect sizes, our sample size had limited power to detect smaller effect sizes. However, our
regression model explained 67% of the variance in parents’ vaccination intention. This indi-
cates good explanatory power for a study using these methods, with social science research
and public opinion surveys typically giving low R” values [52, 53]. This study was part of a pro-
spective cohort study. Participants recruited into the study at T1 were broadly representative
of UK adults based on age, sex and ethnicity [40]. Questions about child vaccination were only
asked at T2, to those who completed the follow-up survey (response rate 76.5%) and who indi-
cated that they were the parent or guardian of a child aged 17 years or under [28]. We cannot
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be sure that the sample included in this survey is representative of UK parents. Not all mea-
sures that we used have been validated. However, items were based on theories of health
behaviour (e.g. Protection Motivation Theory [33], Health Belief Model [34]) and previous lit-
erature, including validated measures [35]. Participants were not geographically representative
of the UK. Given that vaccine uptake has been found to differ by region in the UK [46], our
results on intended uptake may not be representative of the general population. However, we
have no reason to believe that factors associated with vaccination intention differ by region.
We did not collect more detailed data on the region where participants lived (e.g., urban or
rural areas, local authority) in an attempt to maintain respondent anonymity.

Conclusion

It is important to understand parents’ COVID vaccination intentions for their child and fac-
tors associated with intention to help inform child vaccine communications. Parents’ COVID-
19 vaccination intention for their child was mixed at a time when the vaccination was available
for some children. Vaccination intention was associated with having been vaccinated for
COVID-19 oneself, greater perceived necessity of, and social norms for, vaccination, greater
perceived threat of COVID-19, and greater perceived safety of COVID-19 vaccination for chil-
dren. Parents most commonly reported that they intended to vaccinate their child to protect
the child and others, while the main reason behind not intending to vaccinate one’s child
being due to safety concerns.
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(DOC)

Acknowledgments

We would like to thank participants for completing the surveys.

Author Contributions

Conceptualization: Louise E. Smith, Susan M. Sherman, Julius Sim, Richard Aml6t, Nick Sev-
dalis, G. James Rubin.

Data curation: Susan M. Sherman.
Formal analysis: Louise E. Smith, Julius Sim, Megan Cutts, Hannah Dasch.

Funding acquisition: Louise E. Smith, Susan M. Sherman, Julius Sim, Richard Aml6t, Nick
Sevdalis, G. James Rubin.

Methodology: Louise E. Smith.
Writing - original draft: Louise E. Smith.

Writing - review & editing: Susan M. Sherman, Julius Sim, Richard Amlét, Megan Cutts,
Hannah Dasch, Nick Sevdalis, G. James Rubin.

References

1.  Zimmermann P, Pittet LF, Finn A, Pollard AJ, Curtis N. Should children be vaccinated against COVID-
197 Archives of Disease in Childhood. 2022; 107(3):e1—e. https://doi.org/10.1136/archdischild-2021-
323040 PMID: 34732388

PLOS ONE | https://doi.org/10.1371/journal.pone.0279285 December 27, 2022 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279285.s001
https://doi.org/10.1136/archdischild-2021-323040
https://doi.org/10.1136/archdischild-2021-323040
http://www.ncbi.nlm.nih.gov/pubmed/34732388
https://doi.org/10.1371/journal.pone.0279285

PLOS ONE

Parental COVID-19 vaccination intention

10.

11.

12

13.

14.

15.

16.

UK medicines regulator gives approval for first UK COVID-19 vaccine [Internet]. 2020; 2 December
2020 [cited 18 February 2022]. Available from: https://www.gov.uk/government/news/uk-medicines-
regulator-gives-approval-for-first-uk-covid-19-vaccine.

Medicines and Healthcare products Regulatory Agency. The MHRA concludes positive safety profile
for Pfizer/BioNTech vaccine in 12- to 15-year-olds 2021 [updated 4 June 2021, cited 18 February 2022].
Available from: https://www.gov.uk/government/news/the-mhra-concludes-positive-safety-profile-for-
pfizerbiontech-vaccine-in-12-to-15-year-olds.

Joint Committee on Vaccination and Immunisation. JCVI statement on COVID-19 vaccination of chil-
dren and young people aged 12 to 17 years: 15 July 2021 [cited 18 February 2022]. Available from:
https://www.gov.uk/government/publications/covid-19-vaccination-of-children-and-young-people-
aged-12-to-17-years-jcvi-statement/jvci-statement-on-covid-19-vaccination-of-children-and-young-
people-aged-12-to-17-years-15-july-2021.

Joint Committee on Vaccination and Immunisation. JCVI statement on COVID-19 vaccination of chil-
dren and young people aged 12 to 17 years: 4 August 2021 [cited 18 February 2022]. Available from:
https://www.gov.uk/government/publications/jcvi-statement-august-2021-covid-19-vaccination-of-
children-and-young-people-aged-12-to-17-years/jcvi-statement-on-covid-19-vaccination-of-children-
and-young-people-aged-12-to-17-years-4-august-2021.

Medicines and Healthcare products Regulatory Agency. Moderna COVID-19 vaccine approved by
MHRA in 12-17 year olds 2021 [updated 17 August 2021, cited 18 February 2022]. Available from:
https://www.gov.uk/government/news/moderna-covid-19-vaccine-approved-by-mhra-in-12-17-year-
olds.

NHS England. Half of all 16 and 17-year-olds receive life-saving COVID vaccine 2021 [updated 2 Sep-
tember 2021, cited 18 February 2022]. Available from: https://www.england.nhs.uk/2021/09/half-of-all-
16-and-17-year-olds-receive-life-saving-covid-vaccine/.

Joint Committee on Vaccination and Immunisation. JCVI statement on COVID-19 vaccination of chil-
dren aged 12 to 15 years: 3 September 2021 [cited 18 February 2022]. Available from: https://www.gov.
uk/government/publications/jcvi-statement-september-2021-covid-19-vaccination-of-children-aged-12-
to-15-years/jcvi-statement-on-covid-19-vaccination-of-children-aged-12-to-15-years-3-september-
2021.

Young people aged 12 to 15 to be offered a COVID-19 vaccine [Internet]. 2021; 13 September 2021
[cited 18 February 2022]. Available from: https://www.gov.uk/government/news/young-people-aged-
12-to-15-to-be-offered-a-covid-19-vaccine.

Joint Committee on Vaccination and Immunisation. JCVI statement regarding a COVID-19 booster vac-
cine programme for winter 2021 to 2022. 14 September 2021 [cited 18 February 2022. Available from:
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-booster-
vaccine-programme-for-winter-2021-to-2022/jcvi-statement-regarding-a-covid-19-booster-vaccine-
programme-for-winter-2021-to-2022.

NHS England. NHS rolls out COVID-19 jab to children aged 12 to 15 2021 [updated 20 September
2021, cited 18 February 2022]. Available from: https://www.england.nhs.uk/2021/09/nhs-rolls-out-
covid-19-jab-to-children-aged-12-to-15/.

Joint Committee on Vaccination and Immunisation. Joint Committee on Vaccination and Immunisation
(JCVI) advice on COVID-19 vaccination in people aged 16 to 17 years: 15 November 2021. 15 Novem-
ber 2021 [cited 18 February 2022]. Available from: https://www.gov.uk/government/publications/covid-
19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/
joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-
16-to-17-years-15-november-2021.

European Medicines Agency. Comirnaty COVID-19 vaccine: EMA recommends approval for children
aged 5 to 11 Share 2021 [updated 25 November 2021, cited 18 February 2022]. Available from: https://
www.ema.europa.eu/en/news/comirnaty-covid-19-vaccine-ema-recommends-approval-children-aged-
5-11.

Joint Committee on Vaccination and Immunisation. JCVI advice on the UK vaccine response to the
Omicron variant. 29 November 2021 [cited 18 February 2022]. Available from: https://www.gov.uk/
government/publications/uk-vaccine-response-to-the-omicron-variant-jcvi-advice/jcvi-advice-on-the-
uk-vaccine-response-to-the-omicron-variant.

NHS COVID Pass for 12 to 15 year olds for international travel [Internet]. 2021; 13 December 2021
[cited 18 Febraury 2022]. Available from: https://www.gov.uk/government/news/nhs-covid-pass-for-12-
15-year-olds-for-international-travel.

UK regulator approves use of Pfizer/BioNTech vaccine in 5 to 11-year olds [Internet]. 2021; 22 Decem-
ber 2021 [cited 14 April 2022]. Available from: https://www.gov.uk/government/news/uk-regulator-
approves-use-of-pfizerbiontech-vaccine-in-5-to-11-year-olds.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279285 December 27, 2022 14/16


https://www.gov.uk/government/news/uk-medicines-regulator-gives-approval-for-first-uk-covid-19-vaccine
https://www.gov.uk/government/news/uk-medicines-regulator-gives-approval-for-first-uk-covid-19-vaccine
https://www.gov.uk/government/news/the-mhra-concludes-positive-safety-profile-for-pfizerbiontech-vaccine-in-12-to-15-year-olds
https://www.gov.uk/government/news/the-mhra-concludes-positive-safety-profile-for-pfizerbiontech-vaccine-in-12-to-15-year-olds
https://www.gov.uk/government/publications/covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-jcvi-statement/jvci-statement-on-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-15-july-2021
https://www.gov.uk/government/publications/covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-jcvi-statement/jvci-statement-on-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-15-july-2021
https://www.gov.uk/government/publications/covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-jcvi-statement/jvci-statement-on-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-15-july-2021
https://www.gov.uk/government/publications/jcvi-statement-august-2021-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years/jcvi-statement-on-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-4-august-2021
https://www.gov.uk/government/publications/jcvi-statement-august-2021-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years/jcvi-statement-on-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-4-august-2021
https://www.gov.uk/government/publications/jcvi-statement-august-2021-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years/jcvi-statement-on-covid-19-vaccination-of-children-and-young-people-aged-12-to-17-years-4-august-2021
https://www.gov.uk/government/news/moderna-covid-19-vaccine-approved-by-mhra-in-12-17-year-olds
https://www.gov.uk/government/news/moderna-covid-19-vaccine-approved-by-mhra-in-12-17-year-olds
https://www.england.nhs.uk/2021/09/half-of-all-16-and-17-year-olds-receive-life-saving-covid-vaccine/
https://www.england.nhs.uk/2021/09/half-of-all-16-and-17-year-olds-receive-life-saving-covid-vaccine/
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-vaccination-of-children-aged-12-to-15-years/jcvi-statement-on-covid-19-vaccination-of-children-aged-12-to-15-years-3-september-2021
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-vaccination-of-children-aged-12-to-15-years/jcvi-statement-on-covid-19-vaccination-of-children-aged-12-to-15-years-3-september-2021
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-vaccination-of-children-aged-12-to-15-years/jcvi-statement-on-covid-19-vaccination-of-children-aged-12-to-15-years-3-september-2021
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-vaccination-of-children-aged-12-to-15-years/jcvi-statement-on-covid-19-vaccination-of-children-aged-12-to-15-years-3-september-2021
https://www.gov.uk/government/news/young-people-aged-12-to-15-to-be-offered-a-covid-19-vaccine
https://www.gov.uk/government/news/young-people-aged-12-to-15-to-be-offered-a-covid-19-vaccine
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-booster-vaccine-programme-for-winter-2021-to-2022/jcvi-statement-regarding-a-covid-19-booster-vaccine-programme-for-winter-2021-to-2022
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-booster-vaccine-programme-for-winter-2021-to-2022/jcvi-statement-regarding-a-covid-19-booster-vaccine-programme-for-winter-2021-to-2022
https://www.gov.uk/government/publications/jcvi-statement-september-2021-covid-19-booster-vaccine-programme-for-winter-2021-to-2022/jcvi-statement-regarding-a-covid-19-booster-vaccine-programme-for-winter-2021-to-2022
https://www.england.nhs.uk/2021/09/nhs-rolls-out-covid-19-jab-to-children-aged-12-to-15/
https://www.england.nhs.uk/2021/09/nhs-rolls-out-covid-19-jab-to-children-aged-12-to-15/
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
https://www.gov.uk/government/publications/covid-19-vaccination-in-children-and-young-people-aged-16-to-17-years-jcvi-statement-november-2021/joint-committee-on-vaccination-and-immunisation-jcvi-advice-on-covid-19-vaccination-in-people-aged-16-to-17-years-15-november-2021
https://www.ema.europa.eu/en/news/comirnaty-covid-19-vaccine-ema-recommends-approval-children-aged-5-11
https://www.ema.europa.eu/en/news/comirnaty-covid-19-vaccine-ema-recommends-approval-children-aged-5-11
https://www.ema.europa.eu/en/news/comirnaty-covid-19-vaccine-ema-recommends-approval-children-aged-5-11
https://www.gov.uk/government/publications/uk-vaccine-response-to-the-omicron-variant-jcvi-advice/jcvi-advice-on-the-uk-vaccine-response-to-the-omicron-variant
https://www.gov.uk/government/publications/uk-vaccine-response-to-the-omicron-variant-jcvi-advice/jcvi-advice-on-the-uk-vaccine-response-to-the-omicron-variant
https://www.gov.uk/government/publications/uk-vaccine-response-to-the-omicron-variant-jcvi-advice/jcvi-advice-on-the-uk-vaccine-response-to-the-omicron-variant
https://www.gov.uk/government/news/nhs-covid-pass-for-12-15-year-olds-for-international-travel
https://www.gov.uk/government/news/nhs-covid-pass-for-12-15-year-olds-for-international-travel
https://www.gov.uk/government/news/uk-regulator-approves-use-of-pfizerbiontech-vaccine-in-5-to-11-year-olds
https://www.gov.uk/government/news/uk-regulator-approves-use-of-pfizerbiontech-vaccine-in-5-to-11-year-olds
https://doi.org/10.1371/journal.pone.0279285

PLOS ONE

Parental COVID-19 vaccination intention

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Joint Committee on Vaccination and Immunisation. JCVI statement on COVID-19 vaccination of chil-
dren and young people: 22 December 2021 [cited 18 Febraury 2022]. Available from: https://www.gov.
uk/government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-and-young-
people/jcvi-statement-on-covid-19-vaccination-of-children-and-young-people-22-december-2021.

Joint Committee on Vaccination and Immunisation. JCVI statement on vaccination of children aged 5 to
11 years old. 16 February 2022 [cited 18 Febraury 2022]. Available from: https://www.gov.uk/
government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-aged-5-to-11/jcvi-
statement-on-vaccination-of-children-aged-5-to-11-years-old.

Smith LE, Amlot R, Weinman J, Yiend J, Rubin GJ. A systematic review of factors affecting vaccine
uptake in young children. Vaccine. 2017; 35(45):6059—-69. https://doi.org/10.1016/j.vaccine.2017.09.
046 PMID: 28974409

Kaufman J, Tuckerman J, Bonner C, Durrheim DN, Costa D, Trevena L, et al. Parent-level barriers to
uptake of childhood vaccination: a global overview of systematic reviews. BMJ Glob Health. 2021; 6(9).
https://doi.org/10.1136/bmjgh-2021-006860 PMID: 34580071

Chen F, He Y, Shi Y. Parents’ and Guardians’ Willingness to Vaccinate Their Children against COVID-
19: A Systematic Review and Meta-Analysis. Vaccines (Basel). 2022; 10(2). https://doi.org/10.3390/
vaccines10020179 PMID: 35214638

Galanis P, Vraka |, Siskou O, Konstantakopoulou O, Katsiroumpa A, Kaitelidou D. Willingness, refusal
and influential factors of parents to vaccinate their children against the COVID-19: A systematic review
and meta-analysis. Preventive Medicine. 2022; 157:106994. https://doi.org/10.1016/j.ypmed.2022.
106994 PMID: 35183597

Sabin Vaccine Institute. Legislative Landscape Review: Legislative Approaches to Immunization Across
the European Region. 2018 [cited 18 October 2022]. Available from: https://www.sabin.org/resources/
legislative-approaches-to-immunization-across-the-european-region/.

Bell S, Clarke R, Mounier-dack S, Walker JL, Paterson P. Parents’ and guardians’ views on the accept-
ability of a future COVID-19 vaccine: A multi-methods study in England. Vaccine. 2020; 38(49):7789—
98. https://doi.org/10.1016/j.vaccine.2020.10.027 PMID: 33109389

Skirrow H, Barnett S, Bell S, Riaposova L, Mounier-dack S, Kampmann B, et al. Women’s views on
accepting COVID-19 vaccination during and after pregnancy, and for their babies: a multi-methods
study in the UK. BMC Pregnancy and Childbirth. 2022; 22(1):33. https://doi.org/10.1186/s12884-021-
04321-3 PMID: 35030996

Skjefte M, Ngirbabul M, Akeju O, Escudero D, Hernandez-Diaz S, Wyszynski DF, et al. COVID-19 vac-
cine acceptance among pregnant women and mothers of young children: results of a survey in 16 coun-
tries. Eur J Epidemiol. 2021; 36(2):197-211. https://doi.org/10.1007/s10654-021-00728-6 PMID:
33649879

Wong BLH, Ramsay ME, Ladhani SN. Should children be vaccinated against COVID-19 now? Archives
of Disease in Childhood. 2021; 106(12):1147-8. https://doi.org/10.1136/archdischild-2020-321225
PMID: 33402324

Smith LE, Sim J, Cutts M, Dasch H, AmI6t R, Sevdalis N, et al. Psychosocial factors affecting COVID-
19 vaccine uptake in the UK: a prospective cohort study (CoVAccS—wave 3). medRxiv.
2022:2022.03.25.22272954. https://doi.org/10.1101/2022.03.25.22272954

Smith LE, Sim J, Sherman SM, Amlét R, Cutts M, Dasch H, et al. Psychological factors associated with
reporting side effects following COVID-19 vaccination: a prospective cohort study (CoVAccS—wave 3).
medRxiv. 2022:2022.09.07.22279682. https://doi.org/10.1016/j.jpsychores.2022.111104 PMID:
36495757

Tashakkori A, Creswell JW. Editorial: The New Era of Mixed Methods. Journal of Mixed Methods
Research. 2007; 1(1):3-7. https://doi.org/10.1177/2345678906293042

Sherman SM, Smith LE, Sim J, Amlot R, Cutts M, Dasch H, et al. COVID-19 vaccination intention in the
UK: results from the COVID-19 vaccination acceptability study (CoVAccS), a nationally representative
cross-sectional survey. Hum Vaccin Immunother. 2021; 17(6):1612—21. https://doi.org/10.1080/
21645515.2020.1846397 PMID: 33242386

Open Science Framework. COVID-19 vaccination—factors affecting uptake in the UK (CoVAccS wave
3) 2022 [updated 18 February 2022, cited 1 March 2022]. Available from: https://osf.io/tehg8/.

Rogers RW. A Protection Motivation Theory of Fear Appeals and Attitude Change. J Psychol. 1975; 91
(1):93-114. https://doi.org/10.1080/00223980.1975.9915803 PMID: 28136248

Rosenstock IM. Why people use health services. Milbank Mem Fund Q. 1966; 44(3):Suppl:94-127.
PMID: 5967464

Rubin GJ, Bakhshi S, AmI6t R, Fear N, Potts HWW, Michie S. The design of a survey questionnaire to
measure perceptions and behaviour during an influenza pandemic: the Flu TElephone Survey Template
(FIUTEST). Health Services and Delivery Research. 2014; 2(41). https://doi.org/10.3310/hsdr02410

PLOS ONE | https://doi.org/10.1371/journal.pone.0279285 December 27, 2022 15/16


https://www.gov.uk/government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-and-young-people/jcvi-statement-on-covid-19-vaccination-of-children-and-young-people-22-december-2021
https://www.gov.uk/government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-and-young-people/jcvi-statement-on-covid-19-vaccination-of-children-and-young-people-22-december-2021
https://www.gov.uk/government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-and-young-people/jcvi-statement-on-covid-19-vaccination-of-children-and-young-people-22-december-2021
https://www.gov.uk/government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-aged-5-to-11/jcvi-statement-on-vaccination-of-children-aged-5-to-11-years-old
https://www.gov.uk/government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-aged-5-to-11/jcvi-statement-on-vaccination-of-children-aged-5-to-11-years-old
https://www.gov.uk/government/publications/jcvi-update-on-advice-for-covid-19-vaccination-of-children-aged-5-to-11/jcvi-statement-on-vaccination-of-children-aged-5-to-11-years-old
https://doi.org/10.1016/j.vaccine.2017.09.046
https://doi.org/10.1016/j.vaccine.2017.09.046
http://www.ncbi.nlm.nih.gov/pubmed/28974409
https://doi.org/10.1136/bmjgh-2021-006860
http://www.ncbi.nlm.nih.gov/pubmed/34580071
https://doi.org/10.3390/vaccines10020179
https://doi.org/10.3390/vaccines10020179
http://www.ncbi.nlm.nih.gov/pubmed/35214638
https://doi.org/10.1016/j.ypmed.2022.106994
https://doi.org/10.1016/j.ypmed.2022.106994
http://www.ncbi.nlm.nih.gov/pubmed/35183597
https://www.sabin.org/resources/legislative-approaches-to-immunization-across-the-european-region/
https://www.sabin.org/resources/legislative-approaches-to-immunization-across-the-european-region/
https://doi.org/10.1016/j.vaccine.2020.10.027
http://www.ncbi.nlm.nih.gov/pubmed/33109389
https://doi.org/10.1186/s12884-021-04321-3
https://doi.org/10.1186/s12884-021-04321-3
http://www.ncbi.nlm.nih.gov/pubmed/35030996
https://doi.org/10.1007/s10654-021-00728-6
http://www.ncbi.nlm.nih.gov/pubmed/33649879
https://doi.org/10.1136/archdischild-2020-321225
http://www.ncbi.nlm.nih.gov/pubmed/33402324
https://doi.org/10.1101/2022.03.25.22272954
https://doi.org/10.1016/j.jpsychores.2022.111104
http://www.ncbi.nlm.nih.gov/pubmed/36495757
https://doi.org/10.1177/2345678906293042
https://doi.org/10.1080/21645515.2020.1846397
https://doi.org/10.1080/21645515.2020.1846397
http://www.ncbi.nlm.nih.gov/pubmed/33242386
https://osf.io/tehg8/
https://doi.org/10.1080/00223980.1975.9915803
http://www.ncbi.nlm.nih.gov/pubmed/28136248
http://www.ncbi.nlm.nih.gov/pubmed/5967464
https://doi.org/10.3310/hsdr02410
https://doi.org/10.1371/journal.pone.0279285

PLOS ONE

Parental COVID-19 vaccination intention

36.

37.

38.

39.

40.

4.
42,
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Smith LE, Mottershaw AL, Egan M, Waller J, Marteau TM, Rubin GJ. The impact of believing you have
had COVID-19 on self-reported behaviour: Cross-sectional survey. PLOS ONE. 2020; 15(11):
€0240399. https://doi.org/10.1371/journal.pone.0240399 PMID: 33147219

Lee Mortensen G, Adam M, Idtaleb L. Parental attitudes towards male human papillomavirus vaccina-
tion: a pan-European cross-sectional survey. BMC Public Health. 2015; 15:624. https://doi.org/10.
1186/s12889-015-1863-6 PMID: 26152138

Wheelock A, Miraldo M, Thomson A, Vincent C, Sevdalis N. Evaluating the importance of policy amena-
ble factors in explaining influenza vaccination: a cross-sectional multinational study. BMJ Open. 2017; 7
(7):e014668. https://doi.org/10.1136/bmjopen-2016-014668 PMID: 28706088

NHS. Who is at high risk from coronavirus (COVID-19) 2021 [updated 9 December 2021, cited 20
December 2021]. Available from: https://www.nhs.uk/conditions/coronavirus-covid-19/people-at-
higher-risk/who-is-at-high-risk-from-coronavirus/.

Sherman SM, Sim J, Cutts M, Dasch H, Amlot R, Rubin GJ, et al. COVID-19 vaccination acceptability in
the UK at the start of the vaccination programme: a nationally representative cross-sectional survey
(CoVAccS—wave 2). Public Health. 2022; 202:1-9. https://doi.org/10.1016/j.puhe.2021.10.008 PMID:
34856520

Stemler S. An overview of content analysis. Pract Assess Res Evaluation. 2000; 7.
IBM Corp. IBM SPSS Statistics for Windows. 27.0 ed. Armonk, NY: IBM Corp; 2020.

NHS. COVID-19 Vaccinations in England by NHS Region of Residence. 2021 [cited 1 Mar 2022]. Avail-
able from: https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-vaccinations/.

Office for National Statistics. Population estimates for the UK, England and Wales, Scotland and North-
ern Ireland: mid-2020 2021 [updated 26 July 202, cited 13 December 2021]. Available from: https://
www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/
bulletins/annualmidyearpopulationestimates/mid2020#age-structure-of-the-uk-population.

Bish A, Yardley L, Nicoll A, Michie S. Factors associated with uptake of vaccination against pandemic
influenza: a systematic review. Vaccine. 2011; 29(38):6472—84. https://doi.org/10.1016/j.vaccine.2011.
06.107 PMID: 21756960

Office for National Statistics. Coronavirus (COVID-19) vaccination uptake in school pupils, England: up
to 9 January 2022 2022 [updated 1 February 2022, cited 18 February 2022]. Available from: https://
www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandwellbeing/articles/
coronaviruscovidi9vaccinationuptakeinschoolpupilsengland/upto9january2022.

UK Health Security Agency. Weekly national Influenza and COVID-19 surveillance report; Week 14
report (up to week 13 data). 7 April 2022 [cited 12 April 2022]. Available from: https://assets.publishing.
service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067092/Weekly_Flu_and_
COVID-19_report_w14.pdf.

Office for National Statistics. COVID-19 Schools Infection Survey, England: attitudes to vaccines and
preventative measures, November to December 2021. 2022 [updated 1 February 2022, cited 18 Febru-
ary 2022]. Available from: https://www.ons.gov.uk/peoplepopulationandcommunity/
healthandsocialcare/conditionsanddiseases/bulletins/covid19schoolsinfectionsurveyengland/
attitudestovaccinesandpreventativemeasuresnovembertodecember2021.

Cabinet Office. COVID-19 Response: Living with COVID-19 2022 [updated 23 February 2022, cited 12
April 2022]. Available from: https://www.gov.uk/government/publications/covid-19-response-living-with-
covid-19/covid-19-response-living-with-covid-19.

NHS England. COVID-19 monthly announced vaccinations 8 September 2022. 2022 [cited 5 October
2022]. Available from: https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2022/09/
COVID-19-monthly-announced-vaccinations-8-September-2022.xIsx.

Fazel M, Puntis S, White SR, Townsend A, Mansfield KL, Viner R, et al. Willingness of children and ado-
lescents to have a COVID-19 vaccination: Results of a large whole schools survey in England. eClinical-
Medicine. 2021; 40. https://doi.org/10.1016/j.eclinm.2021.101144 PMID: 34608453

Lewis-Beck MS. R-squared. In: Lewis-Beck MS, Bryman A, Liao TF, editors. The SAGE encyclopedia
of social science research methods. Thousand Oaks, CA.: Sage; 2004. p. 983—4.

Taraday M, Wieczorek-Taraday A. R-squared. In: Frey BB, editor. The Sage encyclopedia of educa-
tional research, measurement, and evaluation. 3. Thousand Oaks, CA: SAGE Publications; 2021. p.
1631-3.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279285 December 27, 2022 16/16


https://doi.org/10.1371/journal.pone.0240399
http://www.ncbi.nlm.nih.gov/pubmed/33147219
https://doi.org/10.1186/s12889-015-1863-6
https://doi.org/10.1186/s12889-015-1863-6
http://www.ncbi.nlm.nih.gov/pubmed/26152138
https://doi.org/10.1136/bmjopen-2016-014668
http://www.ncbi.nlm.nih.gov/pubmed/28706088
https://www.nhs.uk/conditions/coronavirus-covid-19/people-at-higher-risk/who-is-at-high-risk-from-coronavirus/
https://www.nhs.uk/conditions/coronavirus-covid-19/people-at-higher-risk/who-is-at-high-risk-from-coronavirus/
https://doi.org/10.1016/j.puhe.2021.10.008
http://www.ncbi.nlm.nih.gov/pubmed/34856520
https://www.england.nhs.uk/statistics/statistical-work-areas/covid-19-vaccinations/
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2020#age-structure-of-the-uk-population
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2020#age-structure-of-the-uk-population
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/bulletins/annualmidyearpopulationestimates/mid2020#age-structure-of-the-uk-population
https://doi.org/10.1016/j.vaccine.2011.06.107
https://doi.org/10.1016/j.vaccine.2011.06.107
http://www.ncbi.nlm.nih.gov/pubmed/21756960
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandwellbeing/articles/coronaviruscovid19vaccinationuptakeinschoolpupilsengland/upto9january2022
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandwellbeing/articles/coronaviruscovid19vaccinationuptakeinschoolpupilsengland/upto9january2022
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandwellbeing/articles/coronaviruscovid19vaccinationuptakeinschoolpupilsengland/upto9january2022
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067092/Weekly_Flu_and_COVID-19_report_w14.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067092/Weekly_Flu_and_COVID-19_report_w14.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067092/Weekly_Flu_and_COVID-19_report_w14.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/covid19schoolsinfectionsurveyengland/attitudestovaccinesandpreventativemeasuresnovembertodecember2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/covid19schoolsinfectionsurveyengland/attitudestovaccinesandpreventativemeasuresnovembertodecember2021
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/covid19schoolsinfectionsurveyengland/attitudestovaccinesandpreventativemeasuresnovembertodecember2021
https://www.gov.uk/government/publications/covid-19-response-living-with-covid-19/covid-19-response-living-with-covid-19
https://www.gov.uk/government/publications/covid-19-response-living-with-covid-19/covid-19-response-living-with-covid-19
https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2022/09/COVID-19-monthly-announced-vaccinations-8-September-2022.xlsx
https://www.england.nhs.uk/statistics/wp-content/uploads/sites/2/2022/09/COVID-19-monthly-announced-vaccinations-8-September-2022.xlsx
https://doi.org/10.1016/j.eclinm.2021.101144
http://www.ncbi.nlm.nih.gov/pubmed/34608453
https://doi.org/10.1371/journal.pone.0279285

